Introduction
Schizophrenia is a neurobiologically based disorder with a multifactorial etiology that includes both genetic and environmental influences. 1 Family, twin, and adoption studies provide compelling evidence for a spectrum of disorders in which schizophrenia is the most severe expression of an illness that includes nonpsychotic features in addition to symptoms of psychosis. 2, 3 One of these features, neuropsychological dysfunction, has come to be regarded as a core component of the disorder [4] [5] [6] [7] ; notably, cognitive deficits were considered central to the illness when it was first described by Kraepelin 8 and Bleuler. 9 Among individuals with schizophrenia, neuropsychological deficits contribute to overall levels of dysfunction and significantly influence functional outcome. 4, 10 Moreover, the relatively modest improvement in neurocognition after either typical 11 or atypical 12, 13 antipsychotic treatment, despite reasonably effective reduction in positive symptoms (eg, hallucinations), suggests the relative independence of neurocognition from positive symptoms in people with schizophrenia. Thus, understanding the nature of neurocognition in schizophrenia is relevant to providing clues to the etiology and pathophysiology of the disorder and improving treatment.
The view that schizophrenia is a neurodevelopmental disorder 14, 15 originating at conception or during pregnancy is increasingly well accepted. The presence of neurodevelopmental features does not rule out the possibility that deterioration and even degeneration also take place during the premorbid period, around the first psychotic episode, or later in life. In fact, some have proposed that schizophrenia involves both neurodevelopmental and neurodegenerative processes. 16 Such a model accords well with a nascent literature focusing on the ''prodromal'' period-that is, the phase of descent into psychosis marked by increasing impairments in cognition and adaptive functioning as the illness develops. [17] [18] [19] Such conceptualizations posit the notion that some neurocognitive deficits precede the onset of frank psychosis.
The assessment of neurocognitive deficit as a risk or vulnerability factor that can be observed independent of psychosis in persons with schizophrenia or their relatives has been studied using at least 6 different populations: biological relatives at genetic high risk (HR) including twins, clinical HR (''prodromal'') cases, spectrum cases such as those having schizotypal personality disorder, psychometric ''at-risk'' subjects identified using questionnaires with empirical cutoff scores, prospective population birth cohorts, and follow-back studies of people with schizophrenia. While all of these approaches have made important contributions to identifying and understanding the neurocognitive risk factors for schizophrenia, herein we focus on genetic HR approaches, as they form the basis for the data presented in this article.
The genetic HR approach is based on the fact that genetic influences are among the best-established risk factors for schizophrenia, with heritability estimated at approximately 60-90%. 20 Nonpsychotic first-degree relatives of people with schizophrenia (either offspring or siblings), who on average share 50% of genes with their ill relatives but are free of confounds associated with psychosis (eg, they are typically unmedicated), provide a unique opportunity to study genetic risk for the pathophysiology of schizophrenia over the life course. Assessment of relatives who have passed through the age of peak risk for schizophrenia (> age 30) allows identification of components of the syndrome that are independent of psychosis. The study of younger HR relatives (< age 30) provides an opportunity to identify the neurobiological differences present prior to typical onset of schizophrenia in a subset of relatives.
A large number of neuropsychological studies of schizophrenia families have targeted older adults (ages who have passed through the peak period of risk for schizophrenia without developing psychosis, and these data have been well reviewed elsewhere. [21] [22] [23] [24] [25] [26] Metaanalyses document that adult relatives manifest deficits on tasks of sustained attention, declarative and working memory, perceptual-motor speed, verbal fluency, and some executive functions, 25, 26 supporting other qualitative reviews that have emphasized impaired attentional processing. 5, 27 These data are consistent with a model that suggests a common difficulty in high-load executive control processing. Related studies show that deficits in executive control processes and memory dysfunctions are stable over time in adulthood 28 and are associated with degree of genetic loading, 29 thus index genetic liability. There is also a substantial literature on genetic HR studies of young relatives, usually offspring, using cognitive measures. There are at least 20 genetic HR studies, most of them summarized by Niemi et al. (2003) 30 , with the exception of the 4 most recently conducted studies that are just beginning to yield data: the Pittsburgh, 31 Harvard, 32, 33 and Hillside Hospital studies 34 of teenagers and young adults and the Colorado study of children ages 6-15. 35 The previous studies have yielded substantial neurocognitive data that are summarized in Table 1 . These studies have used numerous tests, are based on different sample sizes, tested people at different ages ranging from age 4 to 29, and employed different ascertainment approaches to identify HR and control samples, thus limiting firm conclusions. However, there is reasonably strong support for impairments in the following neurocognitive functions in relation to genetic risk for schizophrenia: attention and working memory (including sustained attention and vigilance, perceptual-motor speed, short-term and working memory), concept formation and abstract reasoning, verbal-linguistic ability (including receptive language), general intelligence, and declarative memory, especially verbal memory. These deficits are similar to those observed in older relatives ascertained mainly from family studies and are milder than those observed in persons with schizophrenia. Sustained attention on high-load information-processing tasks, in particular, has been shown to remain stably impaired throughout late childhood and adolescence in those who go on to develop schizophrenia. 36 It is important to recognize that increasing interest has developed in applying similar endophenotypic or genetic HR strategies to the risk and neuropsychological vulnerability for affective psychoses, especially bipolar (BP) disorder. 37 This HR literature is much smaller but is growing. Schizophrenia and affective psychoses have traditionally been considered nonoverlapping illnesses. 8 However, more recent studies of BP psychoses have suggested that there are some overlapping genes that may create similar neurobiological susceptibilities, 38-40 a development consistent with calls for identifying the commonalities and differences among the psychoses.
1 At present, the literature is more developed in the area of BP than unipolar psychotic disorders. Some limited data also suggest that patients with chronic BP psychoses have somewhat similar but milder neuropsychological profiles than patients with schizophrenia. 41 Within some cognitive domains, however, such as spatial working memory, impairments in BP patients have not been documented to date. 42, 43 In contrast to the picture in schizophrenia, most studies of families of adults with affective psychosis, including twin studies, have not observed robust differences Exploring neuropsychological differences in HR relatives during adolescence is an important strategy for at least 2 reasons. First, because it has been hypothesized that HR subjects may be undergoing critical neuromaturational changes during adolescence, [52] [53] [54] intensive studies during this period could provide clues about the pathophysiology and/or premorbid predictors of psychosis. Second, because the period of maximal risk for psychosis occurs during ages 20-30, studies beginning shortly before this period, during the teen years, could allow active assessment into the period when approximately 5-10% of genetically HR subjects are likely to develop illness. In contrast, studies beginning in early childhood have the complexity and financial expense of a 15-25 year interval before participants enter the period of highest risk. 55 Studying premorbid differences holds the potential to identify predictors of illness and inform targets for prevention or early intervention. 56 To enhance statistical power and generalizability, this study combined baseline data from 2 genetic HR studies that employed reasonably comparable ascertainment and assessment methodologies: the Harvard Adolescent High Risk Study (HAHRS) and the Hillside Family Study (HFS). Moreover, as both studies have ascertained small samples at HR for affective psychoses, combining the samples allowed the creation of a modest sample of HR-AFF to test specificity of neurocognitive deficits for types of psychosis. Two primary hypotheses guided our analyses. First, participants at HR for schizophrenia would be significantly impaired in their neuropsychological profile compared to community controls. Based on the literature, we predicted that persons at HR for schizophrenia would be significantly impaired compared to controls on 4 dimensions: verbal ability, verbal declarative memory, executive function/working memory, and sustained attention. Second, in a more exploratory vein (due in part to limited sample size and power), we hypothesized that participants at HR for affective psychosis would fall intermediate, between people at HR for schizophrenia and controls, in these same domains of neurocognitive functioning.
Method

Harvard Adolescent High Risk Study
Data collected in the HAHRS were ascertained from the metropolitan Boston area between 1998 and 2004 (MH 43518; Tsuang and Seidman, PI). The subjects of this study comprised 3 groups: biological children and siblings of schizophrenia patient probands (HR-SCZ), biological children and siblings of affective psychosis patient probands (HR-AFF), and biological children and siblings of community control subject probands (CC). All HR and CC participants were between the ages of 13 and 25 at the time of their neurocognitive assessments. The HR-SCZ group consisted of 35 children and siblings of 26 adult probands who were diagnosed according to DSM-IV criteria 57 with either schizophrenia (n = 22) or schizoaffective disorder, depressed type (n = 4), using the Diagnostic Interview for Genetic Studies (DIGS) 58 and the Family Interview for Genetic Studies (FIGS). 59 Twenty-nine HR-SCZ were relatives of Note: þ indicates p < .05, genetic risk for schizophrenia group differed significantly from a control group; 6 = mixed results, with at least one significant difference between groups on a number of scores from the same test; -indicates p > .05, no significant differences between the genetic high risk and control group.
persons with schizophrenia and 6 of persons with schizoaffective disorder, depressed type. Seventeen of the schizophrenia probands had diagnoses of paranoid schizophrenia (with 20 HR-SCZ), and 5 had diagnoses of undifferentiated schizophrenia, including one whose other parent had schizoaffective disorder, depressed type (with 9 HR-SCZ). The HR-AFF group consisted of 6 children and siblings of 4 adult probands who were diagnosed according to DSM-IV criteria with either bipolar disorder with psychotic features (n = 2), schizoaffective disorder, bipolar type (n = 1), or major depression with psychotic features (n = 1). The probands were ascertained through hospitals and outpatient clinics in and around Boston. The community control group consisted of 54 children of 34 control parent probands. The parents were diagnosed according to DSM-IV criteria with no mental illness (n = 24), major depressive disorder (n = 8), mood disorder due to a general medical condition (n = 1), or cannabis abuse (n = 1), using the DIGS and FIGS. The adult control probands were drawn from respondents to local newspaper advertisements and announcements posted in the sites from which HR-SCZ probands were recruited. The children and siblings of both sets of probands were subsequently ascertained through their related adult probands to determine their eligibility, availability, and willingness to participate as subjects in the study.
HR participants were excluded if they had any lifetime diagnosis of psychotic illness, substance dependence, or neurological disease, a history of head injury or medical illness with documented cognitive sequelae, sensory impairments, current psychotropic medication use, or a full-scale IQ estimate of less than 70. Participants in the control group were screened with the same criteria, with an additional exclusion criterion of any first-or second-degree biological relatives with lifetime history of a psychotic disorder.
Offspring and siblings of control and schizophrenia probands were screened for presence of psychosis with the Washington University Kiddie Schedule for Affective Disorders and Schizophrenia (WASH-U-KSADS). 60 The Psychosis, Mood Disorders, and Substance Abuse modules of the WASH-U-KSADS were administered along with a Neurodevelopmental Questionnaire (a rating scale which has excellent reliability-intraclass correlations above 0.95) to establish other inclusion and exclusion criteria.
Subjects 18 and older gave informed consent, while subjects younger than 18 years of age gave assent in conjunction with informed consent provided by a parent. Subjects received an honorarium for participating. The study was approved by the human research committees of the Massachusetts Mental Health Center, Massachusetts General Hospital, Harvard Medical School, and other recruitment sites.
Hillside Family Study
Data collected in the HFS were ascertained from the metropolitan New York area between 1995 and 2001 (Cornblatt, PI). The study was conducted at 2 sites, the Elmhurst Hospital Center in Jackson Heights, NY, between July 1, 1995 and July 1, 1996, and the Zucker Hillside Hospital at the Long Island Jewish Medical Center in Glen Oaks, NY, between July 1, 1996, and June 30, 2001 . The subjects of this study comprised 3 groups: 38 biological siblings of 29 schizophrenia patient probands, 12 biological siblings of 11 affective psychosis patient probands, and 63 biological siblings of 49 control subject probands. The schizophrenia sample consisted of patients with the following diagnoses: undifferentiated type (n = 10), paranoid type (n = 7), disorganized type (n = 3), schizoaffective disorder (n = 8), and schizophreniform disorder (n = 1). All HR participants were between the ages of 12 and 22 at the time of ascertainment and testing. Patient probands were diagnosed according to the same criteria as in HAHRS for a current DSM-IV Axis I diagnosis of schizophrenia, any subtype, schizoaffective disorder (depressed subtype), or mood disorder with psychosis at the time of ascertainment and enrollment. HFS patient probands were primarily recruited from the adolescent inpatient units at Elmhurst Hospital and the Zucker Hillside Hospital in Queens, NY.
HFS participants who served as control subjects were recruited in 2 ways: (1) by study staff using a modified acquaintanceship method (ie, siblings of probands were asked to refer friends, which yielded 4 participants); and (2) as part of a department-wide effort to recruit control subjects that included newspaper advertisements and community flyers. The diagnostic exclusion criteria for CC and HR participants were the same as in the HAHRS, including no family history of psychosis for CC. The nonpsychotic siblings of probands were subsequently ascertained through their related probands to determine their eligibility and willingness to participate in the study.
HFS diagnostic procedures included standard administration of the Kiddie Schedule for Affective Disorders and Schizophrenia, Epidemiologic Version for DSM-IV (K-SADS-E) 61 to parents and probands in separate interviews. Interviewers were at the master's level (or equivalent, relevant professional experience) and trained in the use of the K-SADS-E in consultation with Dr Orvaschel. Both parental and proband report of history and symptoms, as well as all available clinical information (typically from inpatient evaluation and treatment records), were used to make diagnoses. Consensus ratings on all Axis I diagnoses were made with Dr Jeremy Silverman, Ph.D., a study-independent consulting expert diagnostician experienced with family studies of schizophrenia and schizotypal personality disorder. Dr Silverman met with interviewers after the interview was completed, reviewed a detailed report of the interview, and confirmed or altered the diagnosis assigned by the study interviewer. Local institutional review boards (IRB) approved the projects conducted at their site. IRB assent and consent procedures were comparable to the HAHRS.
Combined Study Sample
The principal investigators (Drs Seidman and Cornblatt) obtained IRB permission from their respective sites to combine data from the sites after removing any identifying information. The final de-identified samples were created by combining data from the 2 studies after excluding a number of subjects because of missing data (detailed below). Neuropsychological test performance data were available for 208 participants: 73 HR-SCZ, 18 HR-AFF, and 117 ''low-risk'' CC. Secondary analyses contained a smaller sample of controls to better equate groups on demographics (see data analysis below). All participants were English-speaking and between the ages of 12 and 25.
Neuropsychological Measures
Each study site contained distinct and overlapping tests in their neuropsychological battery. Of the 22 measures administered by the HAHRS and the 26 measures administered by the HFS, 10 tests were regarded as sufficiently comparable in terms of their administration and scoring procedures to be included in data combination and analyses. To facilitate the interpretation of results, differences in test forms and administration procedures between study sites for these tests are described.
Both sites administered 4 subtests from different versions of the Wechsler Intelligence Scales, including Vocabulary, Block Design, Digit Span, and Digit Symbol. Both sites employed the Wechsler Intelligence Scale for Children-Third Edition (WISC-III) 62 when assessing youth (HAHRS < 17 years old; HFS < 16 years old). The HAHRS used the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III) 63 for participants age 17 and older, while the HFS, having been initiated earlier, employed the Wechsler Adult Intelligence Scale-Revised (WAIS-R) 64 version of these subtests for participants age 16 and older. Both sites employed the Wide Range Achievement Test-Revision 3 (WRAT-3) 65 Reading subtest; however, the HAHRS used the Blue form for all participants, while the HFS alternated its use of Blue and Tan forms.
Both sites used the same model of the Grooved Pegboard (Lafayette Model 32025), with minor differences in administration procedures. Regarding the computeradministered Continuous Performance Test-Identical Pairs (CPT-IP), 66 the HAHRS used extended trials of the shapes and 4-digit conditions (ie, 300 of each instead of the more standard 150 trials), while the HFS administered its standard battery in addition to other conditions. Thus, only the first 150 trials of each condition (which were the initial trials in both tests at both sites) were included for the purpose of combining and analyzing data. Stimulus presentation and interstimulus interval times were equivalent, as were other standard task administration procedures. (Dr Cornblatt was a consultant to the HAHRS from the beginning of the study for the CPT-IP to ensure comparability between sites.) For the Trail Making Test (TMT), both Parts A and B were administered in standard fashion by both study sites, 67 and time to completion was recorded; however, the HAHRS used the Adult version of the task for all participants, while the HFS used the Intermediate version of the TMT for participants younger than 15 years old. Data from the TMT Parts A and B were combined by creating z-scores for each subgroup based on site-and age-specific control subjects.
For the domain of verbal declarative memory, the sites employed different versions of story memory measures. The HAHRS used Logical Memory I and II subtests from the Wechsler Memory Scale-Third Edition (WMS-III) 68 for participants 17 years or older and the Story Memory (Immediate and Delayed) subtests from the Children's Memory Scale (CMS) 69 for participants age [13] [14] [15] [16] . Given that the HFS study was initiated earlier, the HFS used the Logical Memory I and II subtests from the Wechsler Memory Scale-Revised (WMS-R) 70 for all subjects. Each measure requires administration of 2 stories. However, the WMS-III requires a second administration of its second story, and the WMS-R/III and CMS make use of stories with a different number of total ''units'' for which raw score credit can be earned. To maximize comparability of measurement across studies, only the immediate recall condition for each story (heard the first time) was included in the data combination. Moreover, since the adult and child tests present a different number of story details, participants' total raw scores on each measure were calculated as a percentage of story units recalled from both stories (''percentage recalled'').
Lastly, each study site employed a slightly different version of the Controlled Oral Word Association test (COWA), a measure of phonemic verbal fluency. The HAHRS employed the letters FAS 71 in its administration of the test, while the HFS used PRW or CFL 72 in alternating fashion. Despite these differences, it was regarded as reasonable to combine the data between sites for 3 reasons: administration procedures were entirely equivalent; the PRW and CFL conditions were designed to be comparable; and the few studies that have been conducted comparing the PRW/CFL conditions to the FAS condition in psychiatric and nonpsychiatric samples generally document little difference between them. 73 
Data Analyses: Multivariate Data Reduction of Neuropsychological Measures
The 13 scores from the 10 tests used in this study were combined into 6 summary domains, using a similar grouping structure for domains that have been used in studies focusing on adult relatives of patients with schizophrenia. 74 The 13 variables were standardized using the means and standard deviations of the CC group, which resulted in z-scores with the CC having a mean of 0 and a standard deviation of 
Final Sample Composition
After deletion of 6 cases with greater than 50% missing data on neurocognitive measures, the majority (87.9%) of the remaining 208 cases in the combined data set had complete data on all 13 individual neurocognitive variables. Preliminary analyses comparing groups on demographics using this sample revealed that there were significant differences on age and parental education in which controls were younger (F (2,205) = 5.13, p = .007) and their parents were significantly more educated (F (2,205) = 12.3, p < .001) than HR groups. In testing the effects of age and parental education on neuropsychological outcomes, age had minor effects on statistical significance, but not surprisingly, parental education had a highly significant attenuating effect on group differences. Given the fact that we initially had a large control group (n = 117), we chose to systematically delete the controls with the highest parental education in order to demographically match controls with HR participants. Our criteria included the goal of maintaining matching on other demographics (eg, sex), reasonable parity between the 2 sites in regard to percentage of controls excluded from the sites, and blindness to the level of neuropsychological performance. We deleted 33 CCs, leaving a control group (n = 84) roughly comparable to the total number of HR participants (n = 91). Although our deletion strategy took into account the contributions of the 2 sites such that we attempted to delete equal percentages, we retained a slightly higher percentage of CCs from the HFS site (77.8%) than the HAHRS site (64.8%). Finally, because a subset of CCs (n = 12) had a parent with a history of depression that could potentially affect neurocognitive functioning, we compared groups with and without these subjects.
Replacement of Missing Data
Because a small amount of data was missing on some neuropsychological tests (2.4% overall), with the highest percentage on the only computerized test, the CPT-IP (with 6.9-8.0% missing on the shapes and digits trials, respectively), data imputation methods were employed to control case deletion in multivariate analyses. Data were imputed by individually regressing the incomplete variables on predictors including demographic variables (ie, age, sex, and mean parental education), Vocabulary and Block Design scaled scores, and related variables (based on significant bivariate correlations). Nine subjects were missing parental education data (7 from the HR-SCZ group and 1 each from the HR-AFF and CC groups), and these were replaced by the group mean.
Statistical Analyses
Continuously distributed demographic variables, including age, education, and mean parental education (calculated as the average of both parents' highest years of education completed or a parent's highest level of education completed in those cases with only 1 parent's level of education available), were compared between high-risk and control groups and across study sites using 2-way analysis of variance, while categorical demographic variables, including sex, handedness, and ethnicity, were compared between the groups using chi-square tests. In addition, site was entered in the initial models to examine site difference effects on the neurocognitive variables. While there were significant site effects for a few tests, there were no group by site interactions, and site was thus dropped from subsequent analyses to maintain optimal statistical power and simplify the presentation of results.
Comparison of the 3 groups on overall neuropsychological functioning was conducted by using multivariate analysis of variance (MANOVA) followed by analysis of covariance (MANCOVA). Although group matching eliminated significant group differences on age and parental education, we continued to test effects controlling for these variables, as they are associated with neurocognitive functioning. The 6 cognitive domain scores were subsequently analyzed by analysis of variance (ANOVA). Analyses addressed the nonindependence of observations within families by adjusting variance estimates using a mixed model procedure (PROC MIX) in Statistical Analysis System (SAS) Version 8.01 that assumed that the covariance within a family is the same for each family member (ie, compound symmetry) with Huber's (1967) formula, 75 a theoretical bootstrap procedure that computes accurate estimates of variance for clustered data. This method enters cluster scores (ie, the sum of scores within families) instead of individual scores into the formula for the estimate of the variance in the general linear model. Univariate analyses of individual domains and test scores followed the same procedures as above, controlling for nonindependence of observations within families. Statistical significance was set at p < .05 using 2-tailed tests. Effect size estimates were calculated with Cohen's d (mean of the control group minus mean of the HR group divided by the pooled standard deviation).
Results
Demographic Characteristics
As Table 2 shows, comparing HR participants with CCs revealed no significant group differences (p > .05) in either site or in the combined sample, and there were no site by group interactions on any of the demographic variables (ie, age, education, sex, ethnicity, handedness, or parental education). There were site differences in that HFS participants had significantly more parental education than HAHRS participants. Because we were interested in maximizing power by assessing the combined sample, we did not enter site into the analyses of neuropsychological data that are presented. However, we controlled for parental education and age. Demographic characteristics are summarized in Table 2 .
Neuropsychological Functioning (Overall Profile Analysis)
As Table 3 shows, results of MANOVA revealed that, compared with the CC group, the HR-SCZ group was significantly impaired in the neurocognitive domains, while the HR-AFF group showed a trend toward neurocognitive Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community control. For the Total Sample analyses, there is a site effect for parental education (F = 11.78, p = .001). There were no other significant site or group by site interactions.
impairment. There were no significant differences between HR-SCZ and HR-AFF groups across neurocognitive domains. These results remained significant when covarying age and mean parental education.
Neuropsychological Functioning (Specific Domain and Individual Test Analyses) for n = 84 Community Control Sample Table 4 displays means and standard deviations for the 6 neurocognitive factors (in z-score units), and means and standard deviations for individual test scores by group (in their original metric based on original, nonimputed data, so n's are reduced slightly for the individual test score analyses). As Table 4 and Figure 1 show, compared with controls, participants at HR-SCZ were significantly impaired in Verbal Ability (d = There were no significant domain differences between HR-SCZ and HR-AFF groups; however, at the individual test level the HR-AFF group performed significantly better than the HR-SCZ group on the Digit Symbol subtest (d = .79).
Neuropsychological Functioning for n = 72 Community Control Sample
Analyses used parental education and age as covariates (parental education was significantly higher in CCs after excluding controls with a parent with a diagnosis of depression: F (2,160) = 3.49, p = .033). Compared with CCs, HR-SCZ remained significantly different on Verbal Ability (d =.84) and Executive Functioning/Working Memory (d =.54) (see Table 5 ). In addition, members of the HR-SCZ group performed significantly lower on Verbal Memory (d =.39) and marginally less well on VisualSpatial Ability (p = .061). Consistent with prior analyses, individuals at HR-AFF performed significantly lower on Verbal Ability than CCs (d =.76). Although the HR-AFF individuals were not significantly lower than controls on overall Executive Functioning/Working Memory, they were now significantly lower on Digit Span performance (d = .53).
Discussion
As predicted, HR-SCZ subjects were significantly impaired on neuropsychological functioning compared with low-risk community controls after statistically adjusting for age, parental education, and correlated data within families. HR-AFF participants showed slightly less impairment overall but were not significantly different when compared with HR-SCZ. Those at HR-SCZ demonstrated an overall difference in neurocognitive function, marked especially by impairments in Verbal Ability and Executive Functioning/Working Memory. HR-AFF showed reliable deficits in Verbal Ability only, and there were no significant differences between the high-risk groups at the domain level, though the HR-SCZ group performed worse than the HR-AFF group on the Digit Symbol/Coding task. HR-SCZ performed significantly worse than controls in Verbal Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community controls.
Memory and marginally worse in Visual-Spatial functions in analyses modified by excluding subjects who had parents with diagnoses of depression. The effects for these differences were large for Verbal Ability (d > .70) and medium for Executive Functioning/Working Memory, Visual-Spatial Ability, and Verbal Memory (d = .30 to .54). Surprisingly, and contrary to our a priori hypothesis, this study found no group differences on the CPT-IP; the CPT-IP had been identified as a robust indictor of genetic risk for schizophrenia in several prior studies 26 with the notable exception of the Edinburgh HR study. 76 Neuropsychological Functioning in HR-SCZ Based on prior genetic HR studies, the impairments in verbal-linguistic functions are expected for those at HR-SCZ. A number of recent studies have documented impairments in verbal expressive functions such as Vocabulary or single word reading, 35 ,77-79 and adult relatives also tend to be impaired on WRAT-3 Reading (d = .50). 26 At the same time, it is important to note that our HR groups' mean Vocabulary and WRAT-3 Reading standard scores were in the average range and do not necessarily represent clinically significant impairments in most subjects. The difficulty in verbal fluency has been less frequently studied in HR children, but it has a robust effect size in adult relatives (d = .48), and it is one of the most severe impairments in patients with schizophrenia. 7 Reduced ability to access semantic information storage systems with normal efficiency is typically regarded as the basis of this deficit. 80 In addition, a number of other HR studies reported impaired full-scale IQ, with larger effects in verbal than visual-spatial abilities. This pattern is consistent with Crow's (1990) 81 long-standing hypothesis of temporal lobe asymmetries in the etiology of schizophrenia and associated greater verbal impairment in the risk for schizophrenia. Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community controls. The results regarding group differences in Verbal Memory were somewhat equivocal. That is, the impairment in HR-SCZ ranged from an effect size of d = .27 with the full group of controls to d = .39 with the smaller control group, which excluded participants with a family history of depression. The literature suggests an average effect size of about .5-.6 for verbal declarative memory tests in adult relatives of SCZ, which would have produced significant findings in this study. It is likely that a number of issues may have played a role in attenuating the results. These include combining different tasks and operationalizing the variable as immediate recall percentage (rather than as standard scores whose associated raw score values are not linearly distributed). In addition, an inability to make use of the delayed recall condition may have reduced sensitivity to deficit. Finally, the HAHRS and HFS studies used different types of word list-learning tasks that could not be combined. This was a limitation as the list-learning task used in HAHRS yielded significant results. Thus, we were limited in being able to use tasks that may have optimally stressed a vulnerable declarative memory system.
The small to moderate effect sizes in the Motor and Visual-Spatial domains (although the latter showed a trend in group comparisons based on the modified control group) is not unexpected as these tasks have been shown to have small to modest effect sizes in adult studies and in children at risk for psychosis (see Table 1 ): Pegboard tasks (d = .18 and .26 for dominant and nondominant hands, respectively) and Block Design (d = .34). 26 In general, motor abnormalities, which tend to be robust in young HR children, are not typically impaired in teenagers and young adults at genetic risk. 23 The results for the CPT-IP were particularly surprising. No differences were found on the major performance indices for either of the 2 HR groups when compared with normal controls or with each other. In past studies, impaired sustained attention, as measured by numerous variants of the Continuous Performance Test, has been found to be one of the most robust cognitive dysfunctions associated with schizophrenia (see Cornblatt and Keilp 1994 for a review 27 ). In particular, the Identical Pairs version of the CPT (CPT-IP) was very successful in identifying attentional vulnerability markers in children, adolescents, and young adults; this was especially true in first generation (1970s-1990s) of schizophrenia highrisk studies. 27, 34, [82] [83] [84] More recently, however, inconsistent findings have been reported, including those presented here and by Cosway et al. (2002) . 85 A number of speculative possibilities may account for the recent negative CPT-IP findings. First, and perhaps most significantly, the results reported here (and from the Edinburgh study) are cross-sectional. The CPT-IP has been most effective in predicting later behavioral difficulties, particularly emerging social impairments and adult social isolation. 34, 50, 86 The mix of true positives to false positives in the current sample is as yet unknown. As a result, predictive accuracy cannot be evaluated and awaits later follow-up. Another possibility includes the operation of significant cohort effects. Computerized visual attention tasks were novel when introduced in the first generation of HR studies. However, it is possible that these tasks tap a now relatively overlearned and welldeveloped skill set (derived from high exposure to visually based computer games that reward reaction time and accurate visual discrimination/working memory), thus obscuring subtle deficits; this may be especially true of adolescents and young adults in the current generation. In addition, there is a substantial difference in the way IQ is managed in the most recent wave of HR studies. From a neurocognitive perspective, firstgeneration HR studies employed the perspective that a normal control group matched for the low IQ that characterizes many HR individuals was not representative of the general population, and this matching was therefore problematic in its own right. In the newer generation HR studies perspectives have changed, and it is now considered important to match on IQ or some measure of potential ability. Since attention is one of the building blocks of IQ, by controlling for IQ, attention may be highly affected and group differences minimized. Although we did not match for IQ per se, our matching for parental education is a reasonable proxy for this strategy.
Neuropsychological Functioning in HR-AFF
Results with persons at HR-AFF suggest that neurocognitive impairments may be part of the vulnerability to affective psychoses and that further research is required to clarify this association. While only the Verbal Ability function was significantly impaired, the pattern was quite similar to that observed in HR-SCZ, but to a lesser degree. Regarding the Digit Span task, on which the HR-AFF group differed significantly from the modified control group, the HR-AFF had a slightly lower performance than HR-SCZ. This is interesting because earlier findings from the New York HR study showed greater attention deficits in those at HR-SCZ than HR-AFF. While the HR-AFF sample size is too small to draw firm conclusions, if these results hold up with larger samples or in other samples, one may look to changes in diagnostic practices as a possible explanation. One probable difference between current and earlier generation HR studies is that diagnostic criteria and practices used to distinguish schizophrenia from affective psychoses changed significantly with the inception of the DSM-III in 1980. Most first-generation HR studies (reviewed in Table 1 of Niemi et al. 30 ) began selection of HR subjects prior to 1980. It is possible that probands formerly considered to have schizophrenia have a higher likelihood of an affective psychosis diagnosis today. Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community controls. 
Strengths and Limitations of the Study
This study has a number of strengths, including a relatively large sample size of people at HR for schizophrenia and community controls, and a relatively extensive neuropsychological battery covering a range of functions. Moreover, our combined control group ascertainment was not ''asymmetric'' with respect to our HR ascertainment, an issue addressed in some detail by Snitz et al. 26 That is, controls at both sites were selected for participation by differing from HR subjects only on 1 exclusion criterion: controls could not have a family history of psychosis in first-or second-degree relatives. There were no additional exclusion criteria that were typically imposed in past studies, such as ruling out controls with Axis I disorders, a criterion that tends to yield a ''super-normal'' control group. The latter ascertainment method is likely to (1) exaggerate group differences and inflate associated effect sizes and (2) leave the scientific community unable to interpret the findings as related specifically to HR status rather than the nonspecific psychopathology that is typically greater in HR relatives. In the HAHRS the control group consisted of offspring of parents, one-third of whom had an Axis I diagnosis, mainly a history of major depression. In the HFS a number of controls had nonpsychotic psychiatric diagnoses. Thus, the studies' subject selection strategy supports increased confidence that any differences are more likely due to HR status and not nonspecific psychopathology. On the other hand, some might argue that our rate of major depression in the parents was higher than expected in the general population and that our original control group, in essence, contained cases too similar to the affected groups. We addressed these issues by carrying out analyses with both broad and narrower control samples, which yielded somewhat different and informative outcomes. These results underscore the importance of control selection criteria and add to the general conclusion that genetic risk for affective disorder, including nonpsychotic types, has a negative effect on neurocognitive function. This provides further support for the importance of studying this group.
The actual performance of the controls on the measures reported in this article was generally in the average range, also arguing against a super-normal control group. Moreover, our results are quite comparable in many respects to those derived from the Edinburgh HR study, a project that is part of the more recent generation of HR projects. Most notable are the comparable verbal deficit and absence of impairment on the CPT-IP in the 2 studies.
Another strength of this study was the inclusion of an HR-AFF comparison group. While the small sample size likely reduced power to detect statistically significant between-group differences at p < .05, Figure 1 , which shows standardized scores, supports the notion that the HR-AFF group was only slightly less impaired than HR-SCZ. Moreover, the MANCOVA directly comparing HR-SCZ and HR-AFF was clearly nonsignificant. These pilot results support the importance of further study of neuropsychological vulnerabilities in risk for affective psychosis. A limitation was the relatively small sample and the combination of HR-AFF subjects from bipolar and unipolar psychotic probands. Larger samples of homogeneous subgroups would be more informative by helping to address more clearly the specificity question in neurocognitive research. A small but growing literature suggests that HR-SCZ may be more impaired, but that there are also some verbal deficits in HR-AFF. 51 It is reasonable to speculate that the overlapping impairments in persons at HR-SCZ and HR-AFF may stem from overlapping susceptibility genes. For example, schizophrenia and bipolar disorder are both highly heritable disorders, with genetic factors accounting for approximately 60-90% of the risk for each illness. 87 Moreover, recent research by our groups and others strongly suggests that these disorders do not separate clearly along the DSM-IV categorical boundaries. Schizophrenia and bipolar disorder patients have been found to share 65% of RNA, protein, and neurochemical abnormalities in postmortem brains from the Stanley Neuropathology Consortium. 88 From twin studies it has also been shown that each disorder shares some portion of genetic variance in common with the other. 89 Recent results from genetic linkage and association studies suggest even greater overlap in potential etiologic factors for schizophrenia and bipolar disorder than has been previously suspected, including regions of shared genetic linkage on chromosomes 13q and 22q 90 and allelic associations with several genes including Dysbindin, DAOA(G72), DISC1, BDNF and NRG1. 39, 40 Craddock et al. 39 have argued that these results ''suggest an overlap in genetic susceptibility across the traditional classification systems that dichotomised psychotic disorders into schizophrenia or bipolar disorder.'' (p200) The results of this preliminary study must also be interpreted in light of some methodological limitations. First, the absence of follow-up data limits our ability to deal with heterogeneity of outcomes and limits our ability to understand the heterogeneity of neurocognitive functioning within the HR samples. Second, while combining study samples has the advantage of increased statistical power and generalizability, it also limited the scope of neurocognitive variables that could be examined. A little more than half of each study's neurocognitive measures were not included in these analyses, potentially attenuating this study's sensitivity to neurocognitive deficits in its combined genetic HR sample. Some important tests (eg, verbal list-learning tasks) had to be left out because they were not comparable across sites. Moreover, the subtle differences in test administration may have created more error variance, thus attenuating the results. Given that differences in verbal ability represent a key finding, this study is limited by its inability to determine if all subjects are native English speakers or learned English as a second language in childhood. Lastly, as noted previously, the analyses involving HR-AFF were regarded as preliminary given the relatively modest sample size of this group and associated limited power. Given the disparate between-group sample sizes, comparisons between the HR-SCZ and HR-AFF groups would roughly require a high-moderate effect size (of about 0.67) to be detected with an alpha of 0.5 and beta of 0.8.
Conclusions
Despite these considerations, we found that adolescents and young adults at HR-SCZ have a very similar set of neuropsychological dysfunctions to those previously described in adult first-degree relatives, and that the findings are largely consistent with recent HR studies (Edinburgh) and with our literature review. The presence of roughly similar but somewhat milder verbal deficits in persons at HR-AFF is consistent with an emerging body of literature documenting overlapping susceptibility genes in schizophrenia and bipolar psychosis. Further research focusing on HR-AFF and comparison with HR-SCZ is necessary to determine specificity. These data need to be incorporated into early identification and intervention strategies regarding the prevention and early treatment of people at risk for psychosis.
